The effect of anticoagulant and venipuncture site on hematology and serum chemistries was evaluated in eight captive spiny softshell turtles (Apalone spinifera). Animals were randomly and evenly distributed into two groups. On day 0, blood samples were collected from the dorsal coccygeal vein in turtles from group 1 and from the subcarapacial vein in turtles from group 2. On day 15, the same procedure was repeated, but turtles from group 1 were sampled from the subcarapacial vein and turtles from group 2 from the dorsal coccygeal vein. Hematologic samples were placed in ethylenediaminetetraacetic acid (EDTA) on day 0 and in heparin on day 15. Samples for chemistries were placed in serum separator tubes. All samples in EDTA were hemolyzed. Nonparametric tests were used to assess significant differences in hematologic and biochemical parameters between the two venipuncture sites. Among the biochemical parameters, statistically significant differences were only present for glucose and potassium, with the median values being higher in samples obtained from the subcarapacial vein. Correlation tests did not show any significant correlation between the values obtained from the two venipuncture sites for any of the biochemical parameters evaluated. There was also a general lack of agreement for values obtained from different venipuncture sites. This study concluded that EDTA is not an appropriate anticoagulant for this species, and serum chemistry values from paired samples taken using different venipuncture sites did not have a significant correlation or agreement.
INTRODUCTION
Chelonian hematology is an evolving science, and great variability is expected when obtaining and analyzing blood samples. Major sources of variability affecting hematologic and biochemical values include sex (Anderson et al., 1997) , age , season (Pagés et al., 1992) , temperature (Anderson et al., 1997) , stress (Lutz and Dunbarcooper, 1987) , health status , venipuncture site (Gottdenker and Jacobson, 1995; López-Olvera et al., 2003) , hemodilution (Crawshaw and Holz, 1996) , anticoagulant (Muro et al., 1998; Martínez-Jiménez et al., 2007) , laboratory (Wilkinson, 2004) , researchers (Hidalgo-Vila et al., 2007; Muñoz and De la Fuente, 2004) , and difficulty in differentiating leukocytes (Perpiñán et al., 2008) . This paper examines the effect of different anticoagulants and venipuncture sites on blood values of spiny softshell turtles (Apalone spinifera). The specific objectives of this study were: 1) to determine which anticoagulant (lithium heparin or ethylenediaminetetraacetic acid [EDTA] ) provides better results for hematologic analyses; 2) to determine whether differences exist in hematologic and biochemical values between samples obtained from the dorsal coccygeal vein and the subcarapacial vein over time; and 3) to determine whether samples obtained from different venipuncture sites are still comparable.
MATERIALS AND METHODS
Eight adult spiny softshell turtles kept at the Henry Doorly Zoo (Omaha, NE) and ranging in weight from 0.7-1.89 kg were used for this study. The animals were kept in an outdoor pond during the summer months and brought to an indoor tank within a heated room during the winter period. The study was performed in March and concluded 10 days before the turtles were placed outdoors. Sexes were not determined. All animals were apparently healthy, and no abnormality was detected on the physical examination. Turtles were divided randomly into two groups, with four in each group.
On day 0, a 3-mL blood sample was obtained from the dorsal coccygeal vein of the four animals in group 1 and from the subcarapacial vein of the four animals in group 2, using 3-mL syringes and 22-gauge needles. Samples where hemodilution was visually detected were discarded and the procedure repeated. A total of 0.5 mL of blood was placed in EDTA tubes (BD Microtainer ® , Becton Dickinson and Co., Franklin Lakes, NJ) for hematologic analysis. The remainder of the blood (2.5 mL) was placed in serum separator tubes (BD Vacutainer ® SST™, Becton Dickinson and Co.) for biochemical analysis. Biochemical values were analyzed with a Vitros ® 950 Chemistry System (Ortho-Clinical Diagnostics, 1001 U.S. Highway 202, Raritan, NJ). Hematologic analyses were performed within 3 h of blood collection and consisted of a hematocrit (centrifugation at 9,000 × g for 5 min), total leukocyte and erythrocyte counts using a semidirect method with a phloxine solution (Avian Leukopet TM , Vetlab Supply, Inc., Miami, FL), and differential leukocyte count (on smears stained with WrightGiemsa). Biochemical analyses included albumin, alkaline phosphatase (ALP), alanine aminotranferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), cholesterol, chloride, creatine kinase (CK), glucose, gamma glutamyl transferase (GGT), ionized calcium, potassium, phosphorus, sodium, total protein, and uric acid. On day 15, the same procedure was repeated, but animals from group 1 were sampled from the subcarapacial vein and animals from group 2 were sampled from the dorsal coccygeal vein; in addition, blood for hematology was collected in lithium heparin tubes (BD Microtainer ® , Becton Dickinson and Co.). No adverse effect was seen in any turtle after the venipuncture sampling periods.
Statistical analyses were performed using Stata 9.1 for Windows (StataCorp LP, College Station, TX). The Wilcoxon test for paired samples was used to assess the differences between median values of biochemical parameters among all animals using each venipuncture site, and to assess for difference between median values of hematocrit among all animals using each anticoagulant. The Spearman rank correlation test was used to assess dependence between chemistry values from paired samples taken using different venipuncture sites. Statistical significance was considered when P < 0.05. Albumin, ALT, GGT, and uric acid were removed from all statistical analyses because >40% of the determinations for each parameter were under the limit of detection of the machine. For the parameters included in statistical analyses, <10% of the determinations were under the limit of detection of the machine. Agreement was assessed by evaluation of the difference between biochemical values from the two venipuncture sites in the same animal (Bland and Altman, 1986) .
RESULTS
Blood samples in EDTA were severely hemolyzed, which produced significant differences (P = 0.049) in hematocrit values when compared to samples stored in heparin. Total leukocyte, differential leukocyte, and total erythrocyte counts could not be performed from samples in EDTA because of the large amount of lysed cells. Values for these parameters obtained from samples in heparin are shown in Table 1 . Because no statistically significant difference was found between hematologic samples from the two venipuncture sites, results from both venipuncture sites were pooled.
Biochemical parameters pooled from both venipuncture sites are summarized in Table 2 , and differences between venipuncture sites and the results of the statistical tests are presented in Table 3 . Significant differences for the biochemical parameters between samples obtained from the dorsal coccygeal vein and subcarapacial vein were seen only for glucose (P = 0.018) and potassium (P = 0.014); both values were lower when the blood was obtained from the dorsal coccygeal vein. No statistically significant correlation was found for any biochemical parameter between samples obtained from the dorsal coccygeal vein and the subcarapacial vein. Agreement was assessed by evaluation of the median difference between values from the two sites and the dispersion of these differences (Table 3) ; with the exception of glucose, potassium, and AST, the 50% percentile around the median of the differences included zero, demonstrating that no venipuncture site consistently yielded higher or lower values for these biochemical parameters.
DISCUSSION
Heparin has long been considered the anticoagulant of choice for chelonian hematologic samples because EDTA is reported to cause hemolysis in some species of tortoises (Muro et al., 1998; Campbell, 2006) . Thus, most studies on chelonian hematology have reported the use of heparin (Anderson et al., 1997; López-Olvera et al., 2003; HidalgoVila et al., 2007; Innis et al., 2007; Perpiñán et al., 2008; ). However, Martinez-Jimenez et al. (2007) recently reported that it was easier to identify leukocytes in yellow-blotched map turtles (Graptemys flavimaculata) from samples stored in EDTA compared to heparinized samples. Our study showed severe hemolysis when EDTA was used as an anticoagulant in spiny softshell turtles, and therefore, heparin should be considered the anticoagulant of choice for this species. Based on these results and those cited above, heparin should be used as the primary anticoagulant for turtles and tortoises unless EDTA has specifically been proven to be efficacious for a particular species. observed in spiny softshell turtles were lower than those reported in tortoises and sea turtles (Lawrence and Hawkey, 1986; Marks and Citino, 1990; Samour et al., 1998; ) , but similar to those reported for other species of freshwater turtles (Hidalgo-Vila et al., 2007; Innis et al., 2007; Perpiñán et al., 2008) . The present study detected significant differences in serum chemistry parameters between venipuncture sites for glucose and potassium, which were higher in samples from the subcarapacial vein. The median for AST was also generally higher when blood was obtained from the subcarapacial vein, even though statistical significance was not achieved. For all other biochemical parameters, even though the median values were often higher for samples obtained from the subcarapacial vein, it was not possible to conclude whether either venipuncture site consistently yielded higher or lower values. Considering that lower biochemical values are associated with hemodilution (Gottdenker and Jacobson, 1995; López-Olvera et al., 2003) , the results of the present study seem to indicate an overall tendency for samples from the dorsal coccygeal vein to be more hemodiluted than are samples from the subcarapacial vein, which agrees with results obtained in red-eared sliders (Trachemys scripta elegans) (Perpiñán D, Martínez-Silvestre A, Bargalló F. unpublished data). However, the lack of significant differences in most parameters and the effect of a low sample size should be considered when evaluating these results.
Significant differences in serum chemistry values between venipuncture sites have been found in several species. In the marginated tortoise (Testudo marginata), 8 (57%) of 14 Independent of the anticoagulant used for the hematologic analyses, blood smears should be made without anticoagulant because anticoagulants can interfere with staining techniques and alter cell morphology (Muro et al., 1998) . In addition, heparin has been reported to produce thrombocyte clumping (Woessner et al., 1991; Campbell, 2006) ; however, this effect could be considered beneficial because it would make these cells easier to differentiate from lymphocytes. Cautious sample handling (Houwen, 2000) , the use of specific techniques for the production of blood smears (Perpiñán et al., 2006) , and the addition of bovine albumin to stabilize cell membranes (Myers et al., 2008) have all been reported as methods to reduce the number of lysed cells in a blood smear.
Hematologic parameters analyzed in the present study showed that the basophil was the most abundant leukocyte in spiny softshell turtles. Basophils are found in moderate to high numbers in several species of freshwater turtles (Michels, 1923; Perpiñán et al., 2008) and have been reported to be the most abundant leukocyte in the Pascagoula map turtle (Graptemys gibbonsi) (Perpiñán et al., 2008) , the snapping turtle (Chelydra serpentina) (Mead et al., 1983) , the northern red-bellied cooter (Pseudemys rubriventris) (Innis et al., 2007) , and the painted turtle (Chrysemys picta) (Michels, 1923) . Acidophils (blood cells that stain with acid dyes: eosinophils and heterophils) in the spiny softshell turtle could not be differentiated in our study; the authors believe that this was because of the lack of one of those two types of cells; however, other causes such as staining technique should also be considered. The hematocrit values (López-Olvera et al., 2003) . In the desert tortoise (Gopherus agassizii), 12 (75%) of 16 plasma chemistry parameters were higher for blood samples obtained from the jugular vein when compared to the postoccipital sinus; in addition, 6 (66%) of 9 hematologic parameters were also higher in jugular samples compared to samples obtained from the postoccipital sinus (Gottdenker and Jacobson, 1995) . These differences are believed to be caused by hemodilution of the blood sample (Gottdenker and Jacobson, 1995; López-Olvera et al., 2003) . Hemodilution occurred in our study, and blood samples with evident dilution or those from which only a clear fluid was obtained were detected and discarded; however, slightly to moderately diluted blood samples are not easy to identify or differentiate from samples with a low hematocrit. We believe that the variable degree of undetected hemodilution affected the outcome of our samples and produced a lack of significant correlation between samples obtained from the different venipuncture sites. The present study also tried to assess whether samples obtained from different venipuncture sites, disregarding the possibility of significant differences, were still comparable. The lack of correlation and agreement indicated that samples from different venipuncture sites are not comparable over time. Significant correlations could not be found in any of the paired samples, and confidence intervals for agreement were very broad and included zero in most cases, indicating high dispersion of differences and the lack of a clear pattern of distribution. Once again, the low sample size should be considered when evaluating these results.
A crossover design was used to maximize the information obtained from a small sample size. Given the small sample size, nonparametric tests were used to avoid assumptions regarding the distribution of the parameters. Biochemical values provided in Table 2 were pooled because there was no difference between these values when considering the independent variables tested; these values are not meant as reference intervals but may be used by the veterinarian to interpret results in species (e.g., spiny softshell turtles) where normal blood values are lacking.
In conclusion, our work with spiny softshell turtles indicates that EDTA is not an appropriate anticoagulant for hematologic samples in this species and that samples obtained from different venipuncture sites are not highly correlated. Because hemodilution is commonly observed in many species of chelonians, the authors think that similar results could be expected in other species of turtles and tortoises. The result of our work is clinically relevant and emphasizes the need to consider wide deviations from reference ranges to diagnose disease in these species.
